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(57) A dielectric filter connprising a plurality of reso- 
nators formed by boring a plurality of through holes be- 
tween the oppositely disposed end surfaces of a dielec- 
tric block In parallel with each other and arranging inter- 
nal conductors on the inner peripheral surfaces of the 
respective through holes and an external conductor 
formed on a substantial portion of the outer peripheral 
surface of the dielectric block, wherein a region devoid 
of short-circuit conductor is formed on the short-circuit 
end surface and extending in parallel with the direction 
connecting the resonators, thereby the filter can be con- 
trolled satisfactorily for coupling the dielectric coaxial 
resonators and have a reduced height. 



FIG. 3 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a dielectric filter 
comprising a plurality of dielectric coaxial resonators ar- 
ranged in parallel with each other. 

Prior Art 

There have been known various dielectric filters re- 
alized by boring a plurality of through holes through a 
dielectric block in parallel with each other between a pair 
of oppositely disposed end surfaces of a dielectric block, 
providing internal conductors on the inner peripheral 
surfaces of the respective through holes to form a plu- 
rality of dielectric coaxial resonators, providing an exter- 
nal conductor on a substantial portion of the outer pe- 
ripheral surface of the dielectric block and providing a 
short-circuit conductor on one of the end surfaces of the 
dielectric block to sake it a short-circuit end surface for 
connecting the external conductor on the outer periph- 
eral surface and the internal conductors on the Inner pe- 
ripheral surfaces of the through holes. A dielectric filter 
having such a configuration is typically used as filters 
for high frequency bands. 

FIG. 1 of the accompanying drawings illustrates 
such a conventional dielectric filter comprising a dielec- 
trk; block A which Is provided with two resonators B and 
has one end surface or a short-circuit end surface C pro- 
vided with a region D having no short-circuit conductor 
between the resonators B as Interstage coupling means 
of the resonators of the dielectric fitter (Refer to Japa- 
nese Patent Kokai No. 3-293802). 

The applicant of the present application proposed 
in Japanese Patent Application No. 6-163189 (Japa- 
nese Patent Kokai No. 8-8607) a dielectric filter for a 
high frequency band as shown in FIG. 2 realized by pro- 
viding a dielectric bkx;k 1 with a pair of through holes 2a 
and 2b extending In parallel with each other there- 
through, providing Intemal conductors 3a and 3b on the 
inner surfaces of the respective through holes 2a and 
2b to produce a pair of dielectric coaxial resonators, pro- 
viding an external conductor 4 on a given area of the 
outer peripheral surface and providing a short-circuit 
conductor on one of the end surfaces of the dielectric 
block 1 to make it a short-circuit conductor end surface 
5 for connecting the external conductor 4 and the inter- 
nal conductor 3a and 3b, the other end surface, being 
left as open-circuit end surface 6, wherein a slot 7 Is 
formed by removing the external conductor 4 along a 
direction perpendicular to the through holes 2a and 2b 
in an area of the outer peripheral surface located close 
to the short<ircuit conductor end surface 3 in order to 
couple and polarize the dielectric coaxial resonators at 
a same time in a simple manner. 
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With a conventional dielectric filter for a high fre- 
quency band provided with a slot devokJ of a short-cir- 
cuit conductor formed along a direction perpendicular to 
and between the dielectric coaxial resonators on the 
short-circuit conductor end surface in order to couple 
resonators as described above by referring to FIG. 1 , 
the slot is required to have a considerable wkith and 
hence a large surface area that occupies about 2/3 of 
the total area of the short-circuit end surface to ensure 
a sufficient coupling effect at the cost of a reduced Q 
value. 

Additionally, the slot formed on the short-circuit end 
surface abng a direction perpendicular to and between 
the resonators can reduce the mechanical strength of 
the dielectric filter (Refer to Japanese UM Kokai No. 
62-61504). 

With such a dielectric filter illustrated in FIG. 2 a 
shield case is applied thereto typrcalty after directly con- 
necting Input/output terminals formed on the lower por- 
tion of the outer peripheral surface located opposite to 
the side of the coupling slot is connected directly with a 
printed circuit board. The inner wall of the shield case 
has to be separated from the coupling sbt on the top 
side of the outer peripheral surface by at least 3mm be- 
cause the coupling effect of the slot changes significant- 
ly when the inner wall of the shield case comes too ctose 
to or into contact with the coupling stot on the top skJe 
of the outer peripheral surface. This Involves a problem 
that a dielectric filter for a high frequency band cannot 
reduce its height beyond a certain degree. 

Therefore, it is an object of the present invention to 
provide a dielectric fitter with a reduced height that can 
solve the above problem without damaging the coupling 
effect and reducing the Q value. 

SUMMARY OF THE INVENTION 

According to the invention, the above object Is 
achieved by providing a dielectric filter in which a plu- 
rality of through holes are provided to be extended be- 
tween oppositely disposed end surfaces of a dielectrk; 
block in parallel with each other, each through hole has 
an inner peripheral surface provided with an internal 
conductor for fonning a plurality of resonators, an exter- 
nal conductor is provided on a substantial portion of the 
outer peripheral surface of the dielectric block, one of 
the end surfaces is a short-circuit end surface provided 
with a short-circuiting conductor for connecting the ex- 
ternal conductor on the outer peripheral surface and the 
interna) conductors on the inner peripheral surfaces of 
the through holed, and the other end surface is an open- 
circuit end surface, wherein at least one region devokj 
of short-circuiting conductor is formed on the short-cir- 
cuit end surface and extends in parallel with the directk>n 
connecting the resonators. 

The region devokJ of short-circuiting conductor 
formed on the short-circuit end surface of the dielectric 
bkx:k may extend atong at least an edge of the short- 
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circuit end surface. 

The regbn devoid of short-circuiting conductor 
formed on the short-circuit end surface may comprise a 
slot extending along at least an edge of the short-circuit 
end surface. 

The region devoid of short-circuiting conductor ex- 
tending along the direction connecting the resonators 
may have a width selected between a value equal to the 
distance separating the axes of any two adjacently lo- 
cated resonators and a value smaller than the width of 
the block. 

With a dielectric filter for a high frequency band hav- 
ing a configuration as described above, the dielectric co- 
axial resonators formed in the respective through hole, 
are coupled for electric field at the open-circuit end sur- 
face and for magnetic field at the short-circuit end sur- 
face. Therefore, the magnetic coupling of the resonators 
are intensified because the magnetic field is made less 
apt to swerve to the external conductor side by the re- 
gion devoid of short-circuit conductor formed along an 
edge of the short-circuit end surface running in parallel 
with the directbn connecting the resonators. Thus, they 
are couple more intensely for magnetic field than for 
electric field so that any adjacently located resonators 
are coupled intensely for magnetic field to give rise to 
an interstage coupling. 

Such a region devoid of short-circuiting conductor 
may advantageously be formed by producing a trans- 
versal slit on an end surface of the dielectric block typ- 
ically by means of a dicing saw and removing the shorl- 
circuit conductor in that regkjn. The slit may be formed 
in the operation of producing a dielectric block by press 
machining. If such is the case, the short-circuit conduc- 
tor surface is produced by applying a conductive mate- 
rial onto that surface except the slit. 

Alternatively, the region devoid of short-circuiting 
conductor may be produced by applying a conductive 
material to the entire surface and thereafter partly re- 
moving it to form a slit by means of a laser trimmer or 
sand blast. 

Still alternatively, the non-conductive region may be 
formed by screen printing or patterning at the timing of 
forming a film of a short-circuit conductor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic perspective view of a compa- 
rable conventional dielectric filter; 
FIG. 2 is a schematic perspective view of a conven- 
tbnal dielectric filter previously proposed by the in- 
ventors of the present invention; 
FIG. 3 is a schematic perspective view of an em- 
bodiment of two-stage type dielectrrc filter for a high 
frequency band according to the invention; 
FIG. 4A is a schematic view of the embodiment of 
dielectric filter of FIG. 3, showing one of its end sur- 
faces with dimensk>nal values; 
FIG. 4B is a schematic front view of the embodiment 



of dielectric filter of FIG. 3; 
FIG. 4C is a schematic cross sectional view taken 
along line X-X in FIG. 4B. 
FIG. 5 is a schematic perspective view showing a 
modification of the embodiment of FIG. 3; 
FIG. 6 is a graph showing the electric characteristic 
of a two-stage type dielectric filter for a high fre- 
quency band according to the invention; 
FIG. 7 is a graph showing the electric characteristic 
of a two-stage type dielectric filter with a region de- 
void of short-circuit conductor having dimensions 
different from those of FIG. 6; 
FIG. 8 is a graph showing the electric characteristic 
of a two-stage type dielectric fitter with a region de- 
void of short-circuit conductor having dimensions 
different from those of FIG. 6 or 7; 
FIG. 9 is a graph showing the electric characteristic 
of a two-stage type dielectric filter with a region de- 
void of short-circuit conductor having dimensions 
different from those of FIG. 6, 7 or 8; 
FIG. 10 is a graph showing the electric characteris- 
tic of a comparable conventional dielectric filter as 
shown in FIG, 1 ; 

FIG. 11 is a graph showing the electric characteris- 
tic of a comparable conventional dielectric filter with 
a region devoid of short-circuit conductor having di- 
mensions different from those of FIG. 10; 
FIG. 1 2 is a graph showing the electric performance 
of a comparable conventional dielectric filter with a 
region devoid of short-circuit conductor having di- 
mensions different from those of FIG. 1 0 or 1 1 ; and 
FIG. 1 3 is a graph showing the electric performance 
of a comparable conventional dielectric filter with a 
region devoid of short-circuit conductor having di- 
mensions different from those of FIG. 10, 11 or 12. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
OF THE INVENTION 

The present invention will now be described by re- 
ferring to FIGS. 3 and 4 illustrating an embodiment of 
dielectric filter according to the invention. 

In FIGS. 3 and 4. there is shown a two-stage type 
dielectric fitter for a high frequency band comprising a 
pair of dielectric coaxial resonators formed in a single 
dielectric block 1 . 

Referring to FIGS. 3 and 4, the dielectric block 1 is 
a rectangular parallelpiped made of a ceramic dietectrk; 
material containing titanium and having an end surface 
la, another end surface lb and four outer lateral skie 
surfaces 1c, Id, 1e and 1f. A pair of through holes 2a 
and 2b are bored through the dielectric b\ock 1 in parallel 
with each other and extend between one end surface 
1 a and the other end surface 1 b. Internal conductors 3a 
and 3b are formed respectively on the inner peripheral 
surfaces of the through holes 2a and 2b by applying a 
conductive material to produce a pair of dielectric coax- 
ial resonators. An external conductor 4 is fonned on the 
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outer lateral side surfaces 1c, 1d, 1e and 1f and is used 
as a grounding conductor. A short-circuit conductor 5 is 
formed on the end surface 1 a and electrically connected 
to the external conductor 4 on the outer lateral side sur- 
faces 1 c, 1 d. 1 e and 1 f. In this way, the short-circuit con- 
ductor 5 electrically connects the internal conductors 3a 
and 3b of the dielectric coaxial resonators to the external 
conductor 4. Thus, the end surface la may well be re- 
ferred to as short-circuit end surface. The other end sur- 
face 1 b of the dielectric block 1 carries no conductor and 
therefore operates as an open-circuit end surface 6. 

Input/output conductors 7a and 7b are formed on 
the outer lateral side surface 1c and electrically insulat- 
ed from the external conductor 4. The input/output con- 
ductor 7a is capacitively connecter to the internal con- 
ductor 3a via the dielectric block 1 , whereas the input/ 
output conductor 7b is capacitively connected to the in- 
ternal conductor 3b also via the dielectric block 1. One 
of the Input/output conductors 7a and 7b is connected 
to an input terminal of an electric circuit while the other 
input/ output conductor is connected to an output termi- 
nal of the circuit to complete the electric connectbn of 
the dielectric filter for a high frequency band. 

With the dielectric filter having a configuration as 
described above, according to the invention a pair of re- 
gions 8 and 9 devoid of short-circuit conductor or non- 
conductive regions are formed along the oppositely dis- 
posed respective edges of the short-circuit end surface 
5, extending along the direction connecting the resona- 
tors as shown in FIGS. 3 and 4. The regbns B and 9 
devoid of short-circuit conductor may be formed by coat- 
ing the end surface 1 a with a short-circuit conductor and 
subsequently removing it to form the regions typically 
by means of a laser trimmer or sand blast. 

Alternatively, the regions 8 and 9 devoid of short- 
circuit conductor may be formed by producing a pair of 
transversal shallow slits typically by means of a dicing 
saw and removing the short-circuit conductor in that re- 
gions as shown in FIGS. 4B and 4C. The slits may be 
formed in the operatbn of producing a dielectric block 
by press machining. If such is the case, the short-circuit 
conductor surface is produced by applying a conductive 
material onto that surface except the slits, which then 
becomes regions 8 and 9 devoid of short<jrcuit conduc- 
tor. 

Still alternatively, the non-conductive regions may 
be formed by screen printing or patteming at the timing 
of forming an external conductor and a film of a short- 
circuit conductor. 

FIGS. 4A. 4B and 4C show dimensional values of 
the dielectric filter for a high frequency band thus con- 
structed. 

FIG. 5 illustrates a modification of the embodiment 
of FIG.3, in which a single non-conductive region 8 is 
formed ak>ng one of the edges of the short-circuit end 
surtace 5, extending along the directk^ connecting the 
resonators. 

FIGS. 6 through 9 are graphs illustrating an electric 



characteristic of such a dielectric filter having such a 
configuration as shown in FIG. 5 observed when differ- 
ent values were used for the width W1 of the region 6. 
For the purpose of comparison, FIGS. 10 through 

5 1 3 show graphs Illustrating the electric characteristic of 
the conventional dielectric filter as shown In FIG. 1 also 
obsen/ed when different values were used for the width 
W of the regton D devoid of short-circuit conductor. 
By comparing the graphs for the two dielectrk; fil- 

10 ters, it will be seen that the region devoid of short-circuit 
conductor of the dielectrk; filter according to the inven- 
tion has a relatively small area of about 1/3 of the short- 
circuit end surface and the dielectric filter shows a sat- 
isfactory coupling effect, whereas the comparable re- 

is gion of the conventional dielectric filter of FIG. 1 has to 
be made as large as about 2/3 of the short-circuit end 
surtace to achieve a similar coupling effect. Thus, the 
conventional dielectric filter such as shown in FIG. 1 Is 
accompanied by a problem of regulating difficulty and a 

20 reduced Q value. 

The coupling effect became remarkable when the 
region devokl of short-circuit conductor is expanded 
along the X-directlon rather than along the Y-direction 
as shown in FIG. 4A. This means that the dielectric filter 

25 of the present invention shows an excellent controllabil- 
ity if compared with the conventional dielectric filter of 
FIG. 1 where a region devoid of short-circuit conductor 
is formed between the resonators. 

While the above embodiment is a two-stage type 

30 dielectric fitter for a high frequency band comprising a 
pair of dielectric coaxial resonators, the present inven- 
tion is applicable to a thriee-stage type dielectric filter 
comprising three dielectric coaxial resonators or a four- 
or higher stage type dielectric fitter. 

35 The performance of a dielectric filter according to 
the invention (in terms of frequency bandwidth, attenu- 
ation pole generating frequency, etc.) can be controlled 
by regulating the position and the surtace area of the 
region devoid of short-circuit conductor. Therefore, the 

40 region devoid of short-circuit conductor may be modified 
transversalty (in the Y-directton) and/or longitudinally (in 
the X-direction) to substantially change Its kx:atbn and/ 
or area in order to regulate the performance of the die- 
lectric filter after forming the region. 

45 As described above, wrth the dielectric fitter accord- 
ing to the invention since a region devoid of short-circuit 
conductor is formed on the short-circuit end surface 
along a direction connecting the through holes to realize 
an interstage coupling, no coupling groove, slit nor spot 

so facing has to be formed after producing a dielectrk: block 
for the filter so that such a dielectrk: filter can be manu- 
factured efficiently in a well controlled manner with a de- 
sired coupling performance without reducing the Q val- 
ue and a reduced mechank:al strength. Thus, the 

55 present inventbn provkie a remarkable technological 
advantage for manufacturing a dielectric fitter for a high 
frequency band that operates stabty and reliably. 
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Claims 



A dielectric filter in which a plurality of through holes 
(2a, 2b) are provided to be extended between op- 
positely disposed end surfaces (1a, 1b) of a dielec- 
tric block (1) in parallel with each other, each 
through hole (2a, 2b) has an inner peripheral sur- 
face provided with an internal conductor (3a, 3b) for 
forming a plurality of resonators, an external con- 
ductor (4) is provided on a substantial portion of the 
outer peripheral surface (1a, 1c, Id, 1e, If) of the 
dielectric block (1 ), one (1 a) of the end surfaces (la. 
1b) is a short-circuit end surface (5) provided with 
a short-circuiting conductor for connecting the ex- 
ternal conductor (4) on the outer peripheral surface 
and the internal conductors (3a, 3b) on the inner pe- 
ripheral surfaces of the through holes (2a, 2b), and 
the other end surface (1b) is an open-circuit end 
surface (6), characterized In that at least one re- 
gion (8, 9) devoid of short-circuiting conductor is 
formed on the short-circuit end surface (5) and ex- 
tends in parallel with the direction connecting the 
resonators. 



7. A dielectric filter according to any one of claims 1 to 
6, characterized In that said each region (8, 9) de- 
void of short-circuiting conductor formed on said 
short-circuit end surface (5) has a relatively small 
area. 
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2. A dielectric filter as claimed in claim 1 , character- 25 
ized In that said each region (8. 9) devoid of short- 
circuiting conductor formed on said short-circuit end 
surface (5) extends along at least an edge of the 
short-circuit end surface (5). 

30 

3. A dielectric filter as claimed in claim 1 , character- 
ized In that said respective region (8, 9) devoid of 
short-circuiting conductor formed on said short-cir- 
cuit end surface (5) comprises a slot extending 
along at least an edge of the short-circuit end sur- 3S 
face (5). 



4. A dielectrk: filter as claimed in claim 1 , character- 
ized In that said region (8, 9) devoid of short- 
circuiting conductor formed on said short-circuit end 40 
surface (5) comprises a pair of shallow slits which 
extend along the oppositely disposed respective 
edges of said short-circuit end surface (5). 

6. A dielectric filter as claimed in claim 3 or 4, charac- ^ 
terlzed In that said each slot or slit (8, 9) is formed 
by screen printing or patterning at the time forming 
the extemal and short-circuiting conductors on said 
dielectric bkxk (1). 

so 

6. A dielectric filter according to any one of claims 1 to 
5, characterized In that said each region (8, 9) de- 
void of short-circuiting conductor formed on sakJ 
short-circuit end surface (5) has a width (W1 ) se- 
lected between a value equal to the distance sepa- 
rating the axes of any two adjacently located reso- 
nators and a value smaller than the width of the 
block (1). 
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(54) Dielectric filter 

(57) A dielectric filter comprising a plurality of reso- 
nators formed by boring a plurality of through holes be- 
tween the oppositely disposed end surfaces of a dielec- 
trb block in parallel with each other and arranging inter- 
nal conductors on the inner peripheral surfaces of the 
respective through holes and an external conductor 
formed on a substantial portion of the outer peripheral 
surface of the dielectric block, wherein a regbn devoid 
of short^ircuit conductor is formed on the short-circuit 
end surface and extending in parallel with the direction 
connecting the resonators, thereby the filter can be con- 
trolled satisfactorily for coupling the dielectric coaxial 
resonators and have a reduced height. 



FIG. 3 
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